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© The invention discloses the nucleotide sequence 
and amino acid sequence of the NS-1 protein of 
western subtype tick-borne-encephaJitis (TBE) virus. 
The sequence has been deduced from cDNA clones. 
The NS-1 protein can be used as a constituent of 
TBE vaccine, as a diagnostic reagent or for other 
purposes. Nucleic acid coding for the NS-1 protein 
can be used for the generation of expression sys- 
tems or for the preparation of a live vaccine. 
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PROTEINS, VACCINES AND NUCLEIC ACIDS 



The present invention relates to vaccines and 
diagnostic agents for western subtype TBE virus, 
and to nucleic acid and proteins useful for such 
vaccines and agents. 

Western subtype tick-borne encephalitis (TBE) 
virus is a member of the family flaviviridae, which 
are spherical lipid enveloped RNA viruses 
(Westaway et al t Intervirology 24, 183-192, 1985). 
The prototype virus is yellow fever virus. By defini- 
tion, ail flaviviruses are serologically related as re- 
vealed by hemagglutination-inhibition assays. By 
cross-neutralisation, however, the family can be 
subgrouped into several serocomplexes (De Madrid 
and Porterfield, J. Gen. Virol. 23„ 91-96, 1974) 
comprising more closely related flaviviruses as op- 
posed to serologically more distantly related 
viruses of different serocomplexes or ungrouped 
flaviviruses. TBE virus is a member of the so-called 
tick-borne serocomplex, which in addition also con- 
tains viruses termed Louping ill, Langat, Omsk 
hemorrhagic fever, Kyasanur Forest disease, and 
Negishi. 

TBE virus strains could be further assigned to 
a Western (European) subtype which is primarily 
transmitted by Ixodes ricinus and a Far Eastern 
subtype with Ixodes persulcatus as its main vector 
(Clarke, 1964; BulL WHO 31, 45-56). 

This subtype differentiation was confirmed by 
competitive RIA and peptide mapping using limited 
proteolysis of the corresponding structural 
glycoproteins (Heinz and Kunz, 1981; J. Gen. Virol. 
57, 263-274) as well as antigenic analysis using 
monoclonal antibodies (Heinz et al, virology 126, 
525-537, 1983). 

Mature virus particles contain only 3 structural 
proteins, termed E, C, and M with approximate 
molecular weights of 50 to 60,000. 15000, and 
7000, respectively. 

The genome of flaviviruses consists of single- 
stranded RNA of about 11000 bases with mRNA 
polarity having a molecular weight of 4 x 10 s 
daltons. Together with the C^protein, this RNA 

.CTTT.Z Z. Cp< iCPICclJ r»uCl6GCap5iu winuii is surround- 
ed by a lipid envelope associated with both the 
proteins E and M. Experiments using purified prep- 
arations of the E protein obtained after solubiliza- 
tion of the virus by detergents have revealed that E 
represents the viral hemagglutinin, ie, it causes 
agglutination of certain erythrocytes under appro- 
priate conditions, which upon immunisation, in- 
duces hemagglutination-inhibiting, neutralising and 
protective antibodies, as well as immunity against 
challenge with live virulent virus (Heinz et al, Infect. 
Immun. 33, 250-257, 1981). 

In addition, to these structural proteins, several 



non-structural virus-specified proteins have been 
found in cells infected with certain flaviviruses. 

The genome organisation of flaviviruses has 
recently been determined by cDNA cloning and 
5 sequencing of yellow fever, West Nile and Murray 
Valley encephalitis virus (Rice et al, Science 229. 
726-733, 1985; Dalgarno et al, J. Mol. Biol. 187, 
309-323, 1986; Castle et al, Virology 147, 227-236, 
1985; Castle et al, Virology 149, 10-26, 1986; Wen- 

70 gler et al, Virology 147, 264-274, 1985). According 
to these analyses, the genome RNA of flaviviruses 
contains a single long open reading frame of about 
11,000 nucleotides which codes for all structural 
and non-structural proteins. 

75 The gene order established for YF virus and 

confirmed for several other flaviviruses is 5;C-prM- 
(M)-E-NS1 -NS2A-NS2B-NS3-NS4A-NS4B-NS5 3.C, 
prM(M) and E represent structural proteins found in 
immature (C, prM, E) and mature (C, M, E) virus 

20 particles, whereas the rest of the genome codes for 
non-structural proteins. The structural proteins and 
the non-structural proteins have been positively 
identified by amino-terminal sequence analysis and 
have thus been correlated with the corresponding 

25 genome segments. 

It is presumed that translation of viral proteins 
initiates at the first AUG at the 5 '-end of the RNA 
and proceeds until a stop codon is encountered at 
the 3 -end of the RNA. The formation of individual 

30 proteins is thought to occur by a series of specific 
proteolytic cleavage events involving cellular as 
well as virus-specified proteases. 

About 60 different flaviviruses have been re- 
cognised up to now and about two-thirds of them 

35* are transmitted by the bite of infected arthropods, 
thus representing arthropod-borne (ARBO) viruses. 
Several flaviviruses are well known human 
pathogens and include yellow fever virus, dengue 
virus, Japanese encephalitis virus, or tick-borne 

40 encephalitis virus (Shope, in: "The Togaviruses", 
pp. 47-82, Academic Press, New York, 1980). 

TBE virus is endemic in many European coun- 
tries, Russia ana unina. i ne disease is well docu- 
mented in some Central European countries such 

45 as Austria, Czechoslovakia and Hungary, and sev- 
eral hundred hospitalised cases are recorded each 
year. This represents a significant public health 
problem. 

The disease can be effectively prevented by 
so vaccination with a highly purified formalin-inacti- 
vated whole virus vaccine (Kunz et al, J Med. Virol 
6, 103-109, 1980) which induces an Immune re- 
sponse against the structural proteins of the virus. 
The principal disadvantage of this vaccine is that 
large volumes of infectious and potentially haz- 



2 

04021 16A1_I_> 



EP 0 402 116 A1 



ardous virus suspensions have to be handled in the 
course of the manufacturing process. Thus exten- 
sive and expensive safety precautions are required- 
Means were therefore sought for preparing a 
vaccine which overcame the above discussed dis- 
advantages. EP-A-0284791 addressed the problem 
by providing a DNA molecule that comprises West- 
ern subtype TBE virus derived DNA, coding for at 
least a part of at least one structural protein, ie 
selected from the group comprising the proteins C, 
prM, M or E, of Western subtype TBE virus. 

Such a DNA molecule corresponds to the sin- 
gle stranded RNA of Western subtype TBE virus, 
and proved suitable for providing genetic informa- 
tion for expressing a polypeptide which may be the 
entire protein C, prM, M or E of Western subtype 
TBE virus, as described above, or part of one of 
the above-mentioned proteins. Such a polypeptide 
can be used diagnostically or therapeutically for 
example in the preparation of a vaccine. 

The sequence analysis also confirmed the dif- 
ferentiation from the Far Eastern subtype by re- 
vealing an amino acid sequence diversity of up to 
14 (depending on the protein) as compared to the 
Far Eastern subtype (Yamshchikov and Pletnov, 
Nucleic Acid Res . 16 7750 (1988)). 

Although a vaccine based on one or more 
recombinant structural proteins as in EP-A-0284791 
may well represent an improvement over an inac- 
tivated whole virus vaccine from the manufacturing 
point of view, it shares with the inactivated whole 
virus vaccine the disadvantage that it does not 
contain non-structural proteins, which may contri- 
bute to a protective immune response. 

The non-structural proteins have important 
functions for the life cycle of fiaviviruses being 
involved in virus maturation, proteolytic processing 
and RNA replication. Although one of the non- 
structural proteins (NS 1) has been shown for cer- 
tain fiaviviruses other than TBE to be capable of 
inducing a protective immune response 
(Schlessinger et al, £ Gen. Virol 68 853-857 

(1987) ; Zhang et al, J. Virol. 62 3027-3031 (1988)) 
in experimental animals, there has been no such 
disclosure for non-structural proteins of TBE. 

It is known that subneutralizing concentrations 
of neutralising antibodies or other antibodies to 
epitopes in the flavivirus E protein can mediate 
antibody-dependent enhancement of infectivity in 
Fc-receptor-bearing cells (Porterfield, Cardosa; 
"Concepts in Viral Pathogenesis T, Chapter 17 
p.117) which has been implicated in the patho- 
genesis of dengue hemorrhagic fever and dengue 
shock syndrome (Halstead, Science 239 476-481 

(1988) ). In certain cases it may therefore be ad- 
vantageous to avoid the use of flavivirus E protein 
in vaccines or to even to use NS 1 as the only 
vaccine component and not to incorporate viral 



structural proteins. 

An NS-1 protein of the Western subtype of 
TBE virus has now been identified by its sequence. 
This protein is a useful vaccine component and 

s may conveniently be produced by recombinant 
DNA technology. 

According to a first aspect of the invention, 
there is provided a peptide or polypeptide compris- 
ing at least part of the amino acid sequence of the 

io NS-1 protein of Western subtype TBE virus. 

If the peptide or polypeptide contains only part 
of the amino acid sequence of the whole protein, it 
is preferred that it contain an immunogenic portion. 
Preferably, however, the peptide or polypeptide 

75 has the amino acid sequence shown in Figure 4. 

The present invention includes explicitly all 
amino acid sequences which differ from the amino 
acid sequence of a natural NS-1 sequence whether 
by mutations and/or transpositions which are in the 

20 normal range of natural variation of Western sub- 
type TBE virus. These sequences therefore still 
have the essential properties (particularly the es- 
sential antigenic properties) of the NS-1 non-struc- 
tural protein of Western subtype TBE virus. 

25 Although it is preferred to produce the peptides 

or polypeptides of this invention by expression of 
appropriate nucleotide sequences of this invention; 
it is also possible to isolate or, preferably, chemi- 
cally to synthesise the peptides or polypeptides of 

30 the invention. The peptides or polypeptides may 
therefore be provided in substantially pure form 
and/or substantially free of other substances with 
which they are naturally associated. 

Peptides or polypeptides according to first as- 

35 pect of this invention may be useful on their own or 
in conjuction with one or more appropriate ex- 
cipients as diagnostic agents and as ingredients in 
the manufacture of vaccines. Preferably the pep- 
tides or polypeptides are comprised in a composi- 

40 tion which can be used in the medical field. 

According to a second aspect of the present 
invention there is provided a vaccine composition 
comprising a peptide or polypeptide in accordance 
with the first aspect of the invention and one or 

45 more additional pharmaceutical^ acceptable com- 
ponents. Such components may include a phar- 
maceutical^ acceptable carrier or adjuvant for the 
peptide or polypeptide. Other suitable components 
may include a buffer. 

so The vaccine carrier may be any suitable carrier 

and may comprise one or more adjuvants if neces- 
sary. In accordance with usual practice all vaccine 
compositions in accordance with this invention may 
be sterile. 

ss A further, preferred use of vaccines containing 

antigenic peptides or polypeptides is for preparing 
specific immunoglobulins, for example monoclonal 
or polyclonal antibodies, which may be prepared 
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by methods known to those skilled in the art. 
Antibodies against the peptides and polypeptides 
may also be regarded as forming part of the inven- 
tion. 

As mentioned above, a composition comprising 
one or more of the peptides or polypeptides ac- 
cording to this invention may also be used as a 
diagnostic reagent. 

The invention also relates to nucleic acid cod- 
ing for peptides or polypeptides in accordance with 
the first aspect. 

According to a third aspect of the invention, 
there is provided nucleic acid coding for at least 
part of the NS-1 protein of Western subtype TBE 
virus. The nucleic acid, which may and often will 
be recombinant nucleic acid, particularly recom- 
binant DNA, can code for the whole, or substan- 
tially the whole of the NS-1 protein or if appropriate 
for part of it 

Not only are these DNA and RNA molecules 
useful for providing the peptides or polypeptides in 
accordance with the first aspect, they may also be 
used in preparing a live vaccine. Preferably the 
DNA sequences are combined with the DNA of 
Vaccinia virus which is well established as a live 
vaccine. 

Apart from their use as live vaccines, the DNA 
or RNA sequences according to this invention are 
additionally suitable as probes for screening pur- 
poses. 

At present no antiviral agents are available for 
the specific treatment of TBE patients. There are, 
however, several potential possibilities to interfere 
specifically with the viral life cycle including pro- 
cesses that involve non-structural proteins such as 
RNA replication, posttranslational proteolytic pro- 
cessing and virus assembly. Nucleic acid coding 
for the protein NS-1 or part of it would also be 
useful for this purpose. In addition to interference 
with functional activities of viral proteins it is also 
feasible to block the viral replication process by the 
use of anti-sense RNA. 

There are a number of ways for preparing DNA 
molecules within the scope of this invention. One 
possibility of obtaining the DNA molecule is first to 
extract the viral RNA from Western subtype TBE 
virus ana purity the RNA molecule, followed by 
transcription of this RNA template into a DNA mol- 
ecule using reverse transcriptase. A further pos- 
sibility is chemically to synthesise the DNA mol- 
ecules according this invention, once the DNA se- 
quence has been investigated. 

As a preferred embodiment, this invention in- 
cludes DNA molecules which hybridise to DNA 
molecules according to the first aspect, and par- 
ticularly to a DNA sequence as shown in Figure 3 
and/or a DNA sequence coding for a protein se- 
quence as shown in Figure 4, under stringent con- 



ditions, eg selecting for at least 90% nucleotide 
sequence homology. DNA molecules of this pre- 
ferred kind may still code for peptides being able 
to cause antibody responses, and furthermore. 

5 those DNA molecules are suitable as DNA probes. 

By one embodiment of the present invention 
nucleic acid including the complete sequence of 
wild-type Western subtype TBE virus genome cod- 
ing for the non-structural protein NS-1 is provided 

70 as well as DNA molecules derived from the 
genomic RNA coding for at least a part of the 
protein. DNA molecules within the scope of the 
invention may correspond to or be complementary 
with the single stranded RNA of Western subtype 

75 TBE virus, and are suitable for providing genetic 
information for expressing the whoie NS-1 protein 
or one or more parts thereof which usefully be 
used as a vaccine component or for diagnostic and 
therapeutic purposes. 

20 The present invention includes explicitly all 

DNA sequences which differ from the DNA mol- 
ecules corresponding or complementary to a natu- 
ral NS-1 RNA sequence whether by degeneration 
of the genetic code and/or mutations and/or trans- 

25 positions, which are in the normal range of natural 
variation of Western subtype TBE virus. These 
sequences therefore still code for proteins having 
the essential properties (particularly the essential 
antigenic properties) of the NS- 1 non-structural 

30 protein of Western subtype TBE virus. 

In a preferred embodiment of this invention, the 
claimed DNA molecules can be combined with 
additional DNA sequences. 

These additional sequences may allow repiica- 

35 tion and expression of the DNA molecule in a cell 
culture. The most important DNA sequences for 
this purpose are those which function as promot- 
ers, enhancers, polyadenylation signals, and splic- 
ing signals. These additional DNA sequences may 

40 be combined with the DNA molecules in accor- 
dance with the first aspect of the invention accord- 
ing to standard procedures known to those skilled 
in the art. 

The advantages discussed above for DNA mol- 
45 ecules within the scope of the invention are also 
true for RNA molecules in the same way. RNA 
molecules according to this invention may be ob- 
tained by isolation and purification of Western sub- 
type TBE virus RNA. or by recombinant RNA/DNA 
so techniques. Furthermore, not only are RNA mol- 
ecules obtained by purification of the Western sub- 
type TBE virus included in this invention, but also 
RNA molecules which have been obtained by tran- 
scribing isolated and purified virus RNA into DNA 
55 by reverse transcriptase and subsequent transcrip- 
tion of DNA thus obtained into RNA again, or by 
RNA-dependent RNA transcription. 

In the present invention, not only are the DNA 
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and the RNA molecules as described above pro- 
vided, but also vectors, comprising as an insert a 
DNA or RNA molecule within the scope of the 
invention. According to a fourth aspect of the in- 
vention, there is provided a vector, which may be a 
cloning vector or an expression vector, comprising 
a nucleic acid sequence in accordance with the 
third aspect. The vector may for example be a 
plasmid, virus (for example an animal (eg vaccinia) 
virus or a phage) or cosmid. As is known in the art, 
such vectors generally comprise sequences which 
control replication and expression of the inserted 
RNA or DNA sequences; such control sequences 
may comprise a promoter and possibly additionally 
an enhancer, among other sequences. 

According to a fourth aspect of the invention, 
there is provided a host ceil containing a vector as 
described above. Many such cells may be pro- 
vided in a cell culture. 

The vectors are preferably contained in cell 
cultures in which the expression of the polypep- 
tides coded for by the RNA or DNA sequences is 
according to this invention, the cell culture being 
preferably a mammalian cell, culture. By using a 
mammalian cell culture, the most preferred con- 
ditions are provided for expression of a polypeptide 
which is intended to be used as a vaccine for 
preventing mammals from Western subtype TBE 
virus infections. 

For a better understanding of the present in- 
vention, and to show how it may be put into effect, 
preferred embodiments of the present invention will 
now be described with reference to the accom- 
panying drawings, in which: 

FIGURE 1 shows a photograph of agarose 
gel electrophoresis of the undigested plasmid 85 
17-6 (lane b), which contains the entire coding 
sequence for the NS1 protein. Lane c shows a 
BamHI digest of the same plasmid and the two 
lanes a contain 0.6Kb, 2Kb and 10Kb size markers. 

FIGURE 2 shows the complete nucleotide 
sequence of insert 17-6, contained in plasmid BS 
17-6. 

FIGURE 3 shows the RNA sequence and the 
encoded amino acid sequence of insert 17-6. The 
position numbers relate to the full length genome 
of TBE virus. 

FIGURE 4 shows the amino acid sequence 
of protein NS1 as derived from the sequence in- 
formation of clone 17-6. Position numbers are 
counted from the first amino acid of protein NS1. 

FIGURE 5, referred to in Example 10 below, 
shows a strategy for cloning NS1 into the pro- 
karyotic expression vector pUC19S. 

FIGURES 6A and 6B, also referred to in Exam- 
ple 10, show nucleotide sequences of clone 
pNS1387 at the 5 and3' termini. An NS1 insert is 
in frame with the bacterial lacZ gene. Expression is 
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under the control of the lacZ operator/promoter 
system. In FIGURE 6A the general organisation of 
the construct is shown. In FIGURE 6B the DNA and 
protein sequences are indicated. In this construct 
s the NS1 has 40 additional nucleotides correspond- 
ing to 14 amino acids from the lacZ gene and the 
pUC19S polylinker at its 5-end. There are an addi- 
tional 27 non-NSl nucleotides (corresponding to 9 
amino acids) at the 3'-end. Nucleotide positions 

io relative to the TBE genome, taken from FIGURE 3, 
are indicated by asterisks. 

FIGURE 7A, referred to in Example 1 1 , shows 
a strategy for cloning NS1 with its authentic 5 
signal sequence into the prokaryotic expression 

rs vector pUC19S. 

FIGURE 7B, also referred to in Example 11, 
shows nucleotide sequences of clone ptSNS1791 
at the 5' and 3 termini. The NS1 insert is in frame 
with the bacterial lacZ gene expression under the 

20 control of the lacZ promotor system. In part I the 
general organization of the construct is shown. In 
part fl DNA and protein sequences are indicated. In 
this construct the NS1 has 39 additional 
nucleotides corresponding to 13 amino acids from 

25 the lacZ gene and the pUCl9S polylinker at its 5'- 
end. There are additional 30 non-NS1 nucleotides 
corresponding to 10 amino acids at the 3 -end. 
Nucleotides positions relative to the TBE genome, 
taken from FIGURE 3. are indicated by asterisks. 

30 FIGURE 8A, referred to in Example 12, shows the 
cloning of the NS1 coding region into the transfer 
vector pTKgptFIs for recombination with vaccinia 
virus. 

FIGURE 8B, also referred to in Example 12, 

35 shows the nucleotide sequences of clone 
PAPNS1338 at the 5 # and 3' termini. The NS1 has 
19 additional nucleotides corresponding to 7 amino 
acids in its expected translation product from the 
polylinker region at its s'-end additional 30 

40 nucleotides, corresponding to 10 amino acids, are 
found at the 3-end. Asterisks indicate the 
nucleotide positions in the TBE Virus genome tak- 
en from FIGURE 3. 

FIGURES 9A and 9B t referred to in Example 

45 13, show the cloning of NS1 and its putative signal 
sequence by the polymerase chain reaction (PCR). 
FIGURE 8A shows a generalised strategy for the 
PCR. FIGURE 8B shows the sequence of chemi- 
cally synthesised oligonucleotides used as primers 

so for the DNA amplification. The asterisks indicate 
* the nucleotide positions in the viral genome ac- 
cording to FIGURE 3. 

FIGURE 10, also referred to in Example 13, 
shows an agarose gel showing the NS1 fragment 

55 synthesised by PCR. The agarose gel is stained 
with ethidium bromide. DNA is detected under u/v 
light The arrow indicates the fragment which is 
. about 1130 bp long. 

5 
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FIGURE 11, also referred to in Example 13. 
shows the cloning of the NS1 coding region with its 
putative signal sequence after synthesis by PCR 
into the transfer vector pSC11-OrthDELTA0 for re- 
combination with vaccinia virus. 

FIGURE 12, also referred to in Example 13, 
shows the sequences of clone pSCtSNSl444 at the 
3' and 5' termini. The authentic NS1 coding region, 
including its signal sequence, acquires in its ex- 
pected translation product 12 additional 
nucleotides, corresponding to four amino acids, 
from the poly linker region at its 5 -end. An addi- 
tional 47 nucleotides (ie 16 amino acids) are found 
at the 3-end. Asterisks indicate the nucleotide po- 
sitions in the TBE virus genome, taken from FIG- 
URE 3. 

FIGURE 13, also referred to in Example 13, 
shows an analysis of the plasmid pSCtSNSl444 by 
digestion with appropriate restriction en- 
donucleases. The DNA patterns indicate the correct 
orientation of the inserted NS1 sequence into the 
pSCn-Orth vector and confirms the size of the 
fragments as deduced from the nucleotide se- 
quence of clone 17-6. 

FIGURE 14, referred to in Example 14, shows 
the cloning of NS1 with its putative signal se- 
quence into the transfer vector pTKgptF3s, for re- 
combination with vaccina virus. 

FIGURE 15, also referred to in Example 14, 
shows the nucleotide sequence of the plasmid 
pTKtSNSl556 at the 5 and 3' termini. In this 
construct the NS1 has 24 additional nucleotides 
corresponding to eight amino acids in its expected 
translation product from the polylinker region at its 
5 -end. An additional 26 nucleotides (ie 9 amino 
acids) are found at the 3 -end. Asterisks indicate 
the nucleotide positions in the TBE virus genome, 
taken from FIGURE 3. 

FIGURE 16, referred to in Example 15, shows 
a southern blot analysis of NS1 vaccinia recom- 
binants varecNS1444 and varecNSl 556. CV-1 cells 
infected with recombinant vaccinia viruses at a 
multiplicity of 5 pfu/cell. Two days after infection 
total cellular DNA was purified, digested with the 
restriction endonuclease Hindi II and separated on 
1% agarose gel. The DNA was transferred onto a 
nitrocellulose filter and hybridized with the radioac- 
tively labelled plasmid pSCtSNS1444 as a probe 
for the detection of the inserted NS1 fragment and 
adjacent viral tk sequences. A comparison of the 
recombinants varecNSl 556-1 12, -124, -122 and 
varecNSl 444-1 21 with wildtype Vaccinia DNA (slot 
4) shows the expected upshift of the Hindlll frag- 
ment towards a higher molecular weight Only 
varecNSl 556-222 shows a minor band correspond- 
ing to the w.t fragment. This indicates that the 
plaque isloate is not homogeneous. 1556-122 etc. 
are different plaque isolates from the same recom- 
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bination experiment after three plaque purfications. 
As controls and as size markers, different digests 
of the plasmid pSCtSNSl444 were used (slots 6 
and 7). 

s FIGURE 17, referred to in Example 16, shows 

an autoradiograph of a denaturing SDS gel showing 
the recombinant viruses varecNSl 444 and 
varecNSl 556 expressing NS1 protein. A protein 
with an expected molecular weight of about 48kD 

10 can be detected which is not found in wild type or 
varec1342 (expressing a different protein) infected 
cells. The very strong protein band migrating 
above the 97kD marker band represents 0-gatac- 
tosidase (116kD) which is expressed under the 

75 control of the P11 promotor in the pSCl1-Orth 
derived recombinants varecNSl 444 and varec1342. 

Nucleic acid in accordance with the present 
invention may be prepared and the sequence de- 
termined by the following general procedures: 

20 First, viral RNA may be extracted from West- 

ern subtype TBE virus or Western subtype TBE 
virus infected cells. Using this RNA as a template, 
a double stranded cDNA may be synthesised, for 
example by reverse transcriptase. By the use of 

25 recombinant DNA techniques this cDNA may be 
inserted into a vector DNA such as Escherichia coli 
plasmid DNA to yield a recombinant plasmid. Re- 
combinant plasmids may be used to transform 
appropriate host cells such as E. coli strain HB101 

30 for amplification of the plasmidTor the expression 
of the corresponding proteins. Individual colonies 
with insert-containing plasmids may be identified 
by the mini-plasmid preparation method according 
to Birnboim and Doly ( Nucleic Acids Research , 7, 

35 1195-1204, 1979). The base sequence of the West- 
ern subtype virus specific DNA present in the re- 
combinant plasmid can be determined by rapid 
DNA sequencing methods such as the dideoxy 
chain termination method. 

40 A more detailed description of one particular 

process of producing cDNA, recombinant plasmids, 
cells transformed with these plasmids and of deter- 
mining the nucleotide sequence is as follows: First, 
Western subtype TBE viral RNA may be obtained 

45 from purified virus. For this purpose. Western sub- 
type TBE virus can be grown in primary chick 
embryo cells, concentrated by ultracentrifugation, 
and purified by two cycles of sucrose density gra- 
dient centrifugation. After solubilising the proteins 

so with SDS in the presence of proteinase K and 
RNAse inhibitor, eg by incubating for 1 hour at 
37° C, the RNA is extracted with, for example, 
phenol, and precipitated with ethanol. Using this 
RNA as a template, a DNA complementary to the 

55 virus RNA is then synthesised in vitro by a reverse 
transcriptase, eg from avian myeloblastosis virus, 
for instance by the method of Gubler and Hofmann 
(Gene 25, 263-269, 1983). Using primers, such as 
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hexanucleotide primers obtained from calf thymus 
DNA, the virat RNA is incubated under appropriate 
conditions, eg as described in the manual "cDNA 
synthesis system" from Amersham, England, with 
a reverse transcriptase together with deox- 
yadenosine triphosphate (dATP), deoxythymidine 
triphosphate (dTTP), deoxyguanosine triphosphate 
(dGTP), and deoxycytidin triphosphate (dCTP) as 
substrates. The thus obtained cDNA.RNA hybrid is 
treated with RNAse H under defined conditions 
which generates nicks in the RNA of the hybrid 
molecule. E. coli DNA polymerase I can then be 
used efficiently to replace the RNA strand utilising 
the nicked RNA as primers. The double-stranded 
RNA thus obtained is deproteinised by phenol- 
chloroform extraction, precipitated with ethanol and 
remaining RNA fragments are removed by treat- 
ment with RNAse (eg in TE buffer, 37* C, 30min). 

Cloning of the dsDNA is performed, eg by the 
use of synthetic linkers. For this purpose, the 
dsDNA is treated with the Klenow fragment of E. 
coli DNA polymerase I under appropriate condi- 
tions (Maniatis et al. Molecular Cloning. CSH 1982) 
to ensure a maximum amount of clonable blunt 
ends, followed by phenol extraction for de- 
proteinisation. dsDNA is incubated under appro- 
priate conditions with Bam HI linkers in the pres- 
ence of DNA ligase. The reaction mixture is loaded 
and run on a 1% agarose gel and different size 
classes of cDNA are cut out of the gel and purified, 
eg by electroelution. On the other hand, a plasmid 
DNA to be used as vector DNA, eg E. coli plasmid 
BLUESCRIPT SK-, is cut with the restriction en- 
donuclease BamHI and dephosphorylated by the 
use of bacteria! alkaline phosphatase. After diges- 
tion of the cDNA with Bam HI it is mixed with the 
BamHI -cut vector DNA and incubated at appro- 
priate conditions to allow for hybridisation of the 
complementary overhanging sequences at the 
ends of both DNA molecules and ligated by the 
use of T4-DNA ligase. The recombinant DNA mol- 
ecule is used to transform a competent E. coli 
strain (eg' E. coN XL 1-blue). Recombinants contaliv 
ing virus specific inserts are identified by colour 
selection. Plasmids are isolated by the mini-plas- 
mid preparation method (Birnboim- and Doly, Nu- 
cleic Acids Research 7, 1195-1204, 1979) and in- 
sert sizes are analysed by restriction enzyme anal- 
yses using BamHI and separation of the fragments 
obtained on 1 % agarose gels. 

The base sequence of these inserts is deter- 
mined by the dideoxy chain termination method 
according to Sanger et al (PNAS USA , 74, 5463- 
5467, 1977). The sequence obtained is analysed 
for homologies with already known sequences of 
other flavivrruses (Rice et al, Science 229, 726-733, 
1985; Daigarno et al, J. MoL Biol, 187, 309-323, 
1986; Castle et al, Virology 147 227-236. 1985; 
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Castle et al, Virology 149, 10-26, 1986; Wengler.et 
al. Virology 147, 264-274, 1985; Yamshchikov and 
Pletnev Nucleic Acid Res. 16 7750, 1988) by the 
aid of computer programs in order to determine the 
s location of the sequence under investigation in the 
total sequence of the genome RNA. Figure 2 
shows the complete nucleotide sequence and Fig- 
ure 3 the corresponding amino acid sequence of 
the NS1 region of the western subtype TBE virus 

io genome. 

The present invention therefore for the first 
time provides the nucleotide sequence of the gene 
coding for the NS1 protein of the Western subtype 
TBE virus and, as a consequence, also provides 

15 the amino acid sequence of this protein. 

The base sequence in Figure 2 is a preferred 
example for a DNA which codes for polypeptides 
having the characteristics of the Western subtype 
TBE virus NS1 protein. Due to the degeneration of 

20 the genetic code, the same amino acid sequence 
may also be coded for by base triplets other than 
those shown in the Figure. 

Within the scope of protection of this invention 
there are also sequences included which are al- 

25 tered by mutation, transposition and degradation, 
which nevertheless code for an amino acid se- 
quence still having the essential antigenic char- 
acteristics of the NS1 protein. 

In addition, the invention does not only relate to 

30 exactly the same amino acid sequence as that 
shown in Figure 3* which represents only an exem- 
plary sequence of the NS1 sequence of a natural 
Western subtype TBE virus isolate. It is a well- 
known fact that the genomes of RNA viruses are 

35 subject to higher mutation frequencies than those 
found with DNA viruses or cellular genes due to the 
high error rate of RNA polymerases and the lack of 
proof-reading mechanisms (Holland et al, Science 
215, 1577-1585, 1982; Reanney, Ann" Rev. Micro- 

40 biol. 36, 47-73, 1982). Depending on the char- 
acteristics of the virus, these mutations may give 
rise to the rapid development of new virus types 
due to antigenic drift, as is the case with influenza 
virus (Both et al in: "The Origin of Pandemic In- 

45 fluenza Viruses ^ W.G. Laver (ed.), Elsevier, 1983). 
On the other hand, RNA viruses can be antigeni- 
cally more stable under natural ecological con- 
ditions, presumably due to functional constraints 
which do not allow for extensive structural changes 

so in antigenically active proteins. Nevertheless, a cer- 
tain degree of variation has to be taken into ac- 
count and can be demonstrated by sequence com- 
parison of different natural isolates. 

This can be done for example by sequencing 

55 the RNA of different isolates using the dideoxy 
chain termination method with synthetic 
oligonucleotides as primers which have been pre- 
pared according to the sequence of the prototype 
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isolate shown in Figure 2. 

All sequences which, compared to the proto- 
type sequences, show slight variations such as 
those found in other natural isolates of Western 
subtype TBE virus are included in this invention. 
Such variations may also be obtained by in vitro 
modification of the nucleic acid. The invention 
therefore includes all sequences which hybridise 
under stringent conditions, eg selecting for at least 
90% nucleotide sequence homology with the se- 
quences or parts of the sequences disclosed and 
which preferably code for proteins or peptides hav- 
ing the essential antigenic determinant characteris- 
tics of the Western subtype TBE virus structural 
proteins. 

Insertion of the nucleotide sequence coding for 
a protein such as NS-1 into appropriate vector(s) 
and host cells for expression at high level is a 
powerful technology for the study of the structure 
and biological function(s) of the protein. The ex- 
pression* system to be used is always dependent 
on certain molecular characteristics e.g. post-tran- 
slationai modification of the protein molecule of 
interest. 

Expression can be performed in prokaryotic or 
eukaryotic cell systems. For glycoproteins such as 
NS-1 expression would better be performed in a 
eukaryotic host cell capable of proper glycosyla- 
tion. 

A preferred expression system consists of vac- 
cinia virus and a primate cell growing continuously 
in culture. This ensures, or helps to ensure, that 
correct post translational modifications and high 
level synthesis can be achieved. 

Furthermore there is ample evidence that gene 
regulatory sequences of vaccinia virus can direct 
the synthesis of almost any foreign protein either 
using a "late phase" promoter or using a 
"constitutive" promoter active during the early and 
late phase of viral replication (Moss and Flexner, 
Ann.Rev.lmmunol . 4 305-324 (1987). However, it 
has been reported that the stability of foreign pro- 
teins expressed in vaccinia virus-infected cells is 
strongly influenced by the promoter regulating the 
expression of the gene of interest (Coupar et al. t 
Eur.J.tmmunol. 16 1479 (1986); Townsend et aL, 
J.Exp-ivled . 168 izn-iidM (iyb8)>. 

The construction of appropriate expression 
plasmids containing NS-1 specific inserts requires 
extensive DNA manipulation. It has to be taken into 
account that NS-1 is part of a polyprotein which is 
post-translationally processed into individual pro- 
teins by cellular and viral proteases (Mandl et aL, 
Virology 173 291-301 (1989)). In the course of a 
natural virus infection the synthesis of NS-1 in- 
volves an internal signal sequence at the NH 2 - 
terminus. The signal directs the nascent polypep- 
tide chan into the lumen of the endoplasmic reticu- 
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lum, which is necessary for proper post-trans- 
lational modifications such as glycosylation. In or- 
der to obtain a correctly processed expression 
product, this or a heterologous signal sequence 
5 has to be included in the recombinant molecule. 

Furthermore, since NS-1 is part of a poly- 
protein it does not contain start and stop codons 
for translation. These have to be provided by spe- 
cific recombinant DNA manipluations. 

to Hydrophobic (5 ) signal and (3 ) anchor se- 

quences are included in the sequence of clone 17- 
6 (Figure 3). The lack of appropriate endonuclease 
restriction sites does not allow straightforward clon- 
ing of NS-1 with its "natural" signal sequence into 

rs insertion vectors. Therefore, a stretch of 1200 bp 
comprising the NS-1 signal sequence and the se- 
quence of the mature NS-1 may be synthesised, 
for example, in a polymerase chain reaction (PCR). 
This technique also allows the introduction of op- 

20 tional restriction sites on both sides of the amplified 
DNA, as well as start and signal sequences. 

A specifically designed primer-pair for the am- 
plification results in an NS-1 sequence product 
flanked by recognition sites for the restriction en- 

25 donuclease Eco RI. Using this methodology it is 
possible to exchange the authentic NS-1 signal 
sequence by any signal sequence naturally oc- 
curing or by a synthetic consensus signal se- 
quence according to the proposals by v.Heinje 

30 ( NAR 14 4683-4690 (1986)). 

All plasmids, specifically developed for the ex- 
pression of NS-1 molecules, can be transposed 
into a parental vaccinia virus (strain WR or attenu- 
ated derivates of the same) by homologous recom- 

35 bination in permissive host cell e.g. primate CV-1 
cells. The experimental procedure to generate re- 
combinant vaccinia viruses is common knowledge, 
is well known to those skilled in the art and does 
not need to be described (Mackett et al. JRL 

40 Press; "DNA cloning II" Ed. DM Glover 191-211, 
1985). 

The present invention also relates to the syn- 
thesis of NS-1 molecules in a bacterial host. 
Glycoproteins expressed in bacterial cells are usu- 

45 ally not glycosylated in the same manner as in 
eukaryotic cells. Nevertheless synthesis of NS-1, 
even in a non-glycosylated form, may be useful for 
different purposes. As an example, derivatives of 
the envelope glycoprotein (gp) 160 of HIV-1 ex- 

50 pressed in bacterial cells have significantly contri- 
buted to HIV-diagnosis and experimental vaccina- 
tion. 

Analogous to the construction of insertion plas- 
mids for recombination with vaccinia virus an NS-1 
55 sequence including its authentic signal sequence is 
synthesised with the PCR and cloned into, for 
example, pUC-19. A substitution of the TBE signal 
sequence by a prokaryotic signal sequence in or- 
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der to obtain efficient secretion of NS-1 molecules 
from the bacterial cells is possible. The latter may 
prevent the aggregation of NS-1 and formation of 
inclusion bodies that have to be dissolved with 
detergents or other solubilising agents. 

Besides the synthesis of complete and mature 
NS-1 this experimental protocol can also be ap- 
plied to truncated forms of the NS-1 molecule. 
Truncated molecules can be used to induce an 
immune response directed to specific sites of the 
protein. Such forms can also be valuable tools for 
performing "site directed serology". Im- 
munologically relevant epitopes within the NS-1 
may become incorporated into carrier molecules as 
adjuvants (e.g. HB-core particles) or into an im- 
munstimulating complex (ISCOM) (Morein et al. 
Immunology Today 8(11) 333-338 (1987)). 

Any of the NS-1 molecules synthesised in pro- 
karyotic and eukaryotic expression systems de- 
scribed in this application represent molecules suit- 
able as candidate NS-1 vaccine, either alone or 
perhaps by combining it with the recombinant 
glycoprotein-E of TBE-virus (EP-A-0284791 ) or the 
already available vaccine consisting of inactivated 
TBE-virus. 

Further, the analysis of the immune response 
against this non-structural protein or parts thereof 
may be critical for understanding the pathogenicity 
of the TBE-virus and other members of- the flavi- 
virus family. 

Foreign DNA or RNA sequences can also be 
engineered into the genomes of live viruses thus 
generating recombinant viruses which can be used 
as a live vaccine (for review, see Mackett and 
Smith, J. Gen. Virol. 67, 2067-2082, 1986). 

Also combinations of different genes, eg de- 
rived from different viruses, can be simultaneously 
expressed by recombinant DNA technologies and 
used for vaccination (Perkus et al, Science , 229, 
981-984, 1985). The invention therefore includes 
any combinations of sequences out of the se- 
quences disclosed with other sequences, such as 
genes coding for other proteins or sequences con- 
tributing to the expression of the proteins, such as 
promoters, enhancers, polyadenylation or splicing 
signals. 

It is well known to those skilled in the art that 
not necessarily the whole naturally occurring pro- 
teins have to be used for immunisation or diagnos- 
tic purposes (Lerner, Nature 299, 592-596, 1982; 
Arnon, TIBS 11, 521-524, 1986). 

Proteins or parts of proteins to be used as 
vaccines or diagnostic reagents can not only be 
prepared by the recombinant DNA technologies 
described above, but the sequence information dis- 
closed in the present invention can also be used 
for the chemical synthesis of oligopeptides. There 
is extensive literature available on this subject: pep- 
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tides synthesised according to DNA sequences 
coding for many different proteins have been pre- 
pared and used for a variety of purposes such as 
molecular biological and immunological studies 

s (Lerner et al, Cell , 23, 309-310, 1981; Lerner, Na- 
ture, 299, 592-596, 1982) or vaccination (Shinnick 
et~~ai, Ann. Rev. Microbiol. 37, 425-446, 1983; 
DiMarchTet al, Science , 232, 639-641, 1986). The 
preparation and use of peptides or combinations of 

io peptides corresponding to sequences disclosed in 
the present invention therefore represent the state 
of the art. 

it is further known to those skilled in the art to 
use the nucleic acids and sequences provided by 

is the present invention for the preparation of 
hybridisation probes eg for the use of determining 
virus RNA in ticks or blood-fluid (Meinkoth and 
Wahl. Anal. Biochem. 138, 267-284, 1984; Kulski 
and Norval, Arch. Virol. 83, 3-15, 1985). These can 

20 be prepared either by recombinant DNA technol- 
ogies or by the chemical synthesis of 
oligonucleotides according to the sequence dis- 
closed. 

The invention will now be illustrated by the 
25 following examples. Where not specifically stated, 
procedures used follow those conventionally used 
in the art. Such procedures may be found in a 
number of standard works, including Sambrook, 
Fritsch and Maniatis "Molecular Cloning: A Labora- 
30 tory Manual" (second edition), Cold Spring Harbor 
Laboratory Press, 1989. 



EXAMPLES 

35 

Example 1 Propagation and Purification of TBE 
Virus 

40 A 10% suspension of TBE virus-infected suck- 

ling mouse brain was used for the infection of 
primary chick embryo cell monolayers maintained 
in minimum essential medium (MEM) buffered with 
15mM HEPES and 15mMEPPS at pH 7.6. After 

45 40h incubation at 37 °C the supernatant was clari- 
fied at 10000g for 30min at 4*C and the virus was 
pelleted by ultracentrifugation at 50000g for 3h at 
4*C. The virus was then resuspended in an appro- 
priate volume of TAN buffer (0.05M 

so triethanolamine, 0.1 M NaCI, pH.8.0) and subjected 
to rate-zonal centrifugation in a 5-20% (w/w) su- 
crose density gradient at 170000xg for 110min at 
4*C. The virus peak was located by scanning the 
gradient at 254nm and subjected to equilibrium 

55 density gradient centrifugation in a 20 to 50% (w/w) 
sucrose gradient for 18 h/4*C at I50000xg. The 
virus peak was dialysed against TAN pH 8.0 to 
remove excess sucrose. 
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Example 2 Preparation of Viral RNA 

100ug of purified virus were diluted into 400ul 
of proteinase K reaction buffer (10mM Tris pH 7.8, 
5m M EDTA, 0.5% w/v SDS). Proteinase K was 
added to a final concentration of 200iig/m1 and the 
mixture was incubated for 1 hr at 37* C. Subse- 
quently the solution was deproteinized by extract- 
ing it twice with equal volumes (400U.I) of phenol 
and once with chloroform: isoamyl alcohol (24:1). 
then 26ul of a 3M Na-Acetate solution were added 
and the RNA was precipitated with 2.5 volumes of 
ethanol. Before further use, an aliquot of the RNA 
was denatured with glyoxal and run on a 1% 
agarose gel in order to check the yield and the 
quality of the preparation- 



Example 3 Syjitf^ 

5ug of ethanol precipitated RNA were re- 
suspended in 40ul of first strand synthesis buffer 
(Amersham, UK) that contained 5ug of random 
oligonucleotide primers, heated to 70 *C for one 
minute and then allowed to cool slowly to room 
temperature. All four deoxynucleotide triphosphates 
were added to final concentrations of 1mM. Fur- 
thermore, 5 units of human placental ribonuclease 
inhibitor and lOuCi of cr&P dCTP were added to 
the mixture. First strand synthesis was started by 
the addition of 100 units of reverse transcriptase 
(Amersham) and allowed to proceed for 2 hours at 
42 ° C. Then the reaction mixture was placed on ice 
and the reagents for the second strand synthesis 
were added in this order: 93.5ul of second strand 
synthesis buffer (Amersham, UK), 4 units of 
ribonuclease H t 23 units of E. coli DNA polymerase 
and water to a final volume of 250ul. Second 
strand synthesis was carried out by subsequent 
incubations at 12° C and 22 °C (2 hours each) and 
stopped by heating the solution for 20 minutes to 
70 *C. The double stranded cDNA was digested 
with 10 units of T4 DNA polymerase for 30 minutes 
at 37 °C in order to create blunt ends. Finally the 
cDNA was purified by phenol and chloroform ex- 
tractions and precipitated with 2 volumes of 
etnanoi. 



Example 4 Linker Ligation 

Synthetic 5-phosphorylated Bam HI linkers 
(New England Biolabs) were added onto the cDNA 
in an overnight reaction at 12* C. The reaction 
mixture contained in a final volume of 20ul of 
ligation buffer (50mM Tris pH 7.5, 5mM MgCI 2 , 
5mM DTT. 1mM ATP) approximately 1ug of cDNA, 
1ug of linker DNA and 1iil of T4 DNA ligase (New 



England Biolabs). 



Example 5 Size Fractionation of cDNA 

5 ~ 

The cDNA was fractionated on a 1% agarose 
gel. Different size fractions were cut out of the gel 
and the DNA was extracted from the agarose in an 
analytical electroeluter (IBI) according to the manu- 
10 facturer's directions, in spite of the small amount of 
DNA handled, which could hardly be detected by 
ethidium bromide staining, the extraction procedure 
could easily be monitored due to the radioactive 
label incorporated into the cDNA. The size frac- 
. rs tionation step provided a means of selectively clon- 
ing large fragments of cDNA and also served to 
completely separate the cDNA from unligated link- 
er molecules. 

20 

Example 6 Cloning into a Bacterial Phagemid 

The cDNA was digested with 10U of BamHI 
restriction endonuclease for 1hr at 37° C. After phe- 

25 nol and chloroform extractions the DNA was 
precipitated with 2 volumes of ethanol and re- 
suspended in a small volume of water. 20 - 30ng of 
the cDNA were mixed with 50ng of the phagemid 
BLUESCRIPT SK- (Stratagene) that had been lin- 

30 earized by Bam HI digestion. (The word 
BLUESCRIPT is a trade mark.) These two compo- 
nents were litigated by T4 DNA ligase in 10ju.l of 
ligation buffer (see above) in an overnight reaction 
at 16 C. The next morning, the ligation mixture 

35 was heated to 65° C for 5min, diluted hundredfold 
with water and used to transform E. coli XL1 Blue 
cells. Competent bacteria were purchased from 
Stratagene and transformed with 3u.I of the diluted 
ligation mixture exactly following the protocol pro- 

40 vided by the manufacturer. Bacteria were plated 
onto LB agar plates containing ampicillin, 
tetracyclic IPTG and X-Gal. 

45 Example 7 Identification of Insert-Containing 
Phagemids 

In the BLUESCRIPT vector system insert-con- 
taining phagemids yield white bacterial colonies, 

so whereas self-ligated phagemid induces a blue col- 
our reaction. Thus white colonies were picked and 
used to inoculate 2ml of LB-Medium containing 
ampicillin and grown overnight at 37° C in a shaker 
at 220 rotations per minute. The next day a quick 

55 plasmid preparation was performed by a standard 
boiling method (Birnboim and Doly, Nucleic Acids 
Research 7, 1195-1204, 1979). Plasmids were di- 
gested with the restriction enzyme Bam HI and an- 

10 
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alysed on 1 % agarose gels. One clone identified in 
this manner was phagemid BS 17-6, that carries an 
approximately 2000 bp long virus specific insert. 
Figure 1 shows a 1% agarose gel of a quick 
plasmid preparation of ES 17-6 both in the super- 
coiled circular and the Bam HI digested forms. 



Example 8 Sequence Analysis of the Insert of 
Clone BS T7-1P 

Single stranded DNA of the clone BS 17-6 was 
prepared by addition of the VCS helper phage 
(Stratagene) at a M.O.I, of 20:1 to exponentially 
growing cultures of 85 17-6 containing E. coli XL1 
Blue bacteria. After agitating vigorously the culture 
at 37 *C for 16 hrs ssDNA was purified from the 
supernatant according to standard protocol Is. This 
single-stranded DNA was sequenced in the whole 
region of the insert by the dideoxy method of 
Sanger et al (PNAS USA 74, 5463-5467; 1977) 
using the SEQUENASE enzyme (United States 
Biochemicals) and the reagents supplied by the 
enzyme-manufacturer. (The word SEQUENASE is 
a trade mark.) A vector specific and a set of virus- 
sequence specific oligonucleotides were used as 
primers for the sequencing reactions. The com- 
plete sequence of the insert 17-6 is shown in 
Figure 2. 

Example 9 Derivation of the Amino Acid Sequence 
of Protein~NS1 

Translation of the nucleotide sequence of 17-6 
in all possible reading frames revealed only one 
long open reading frame. The amino acid se- 
quence derived in this frame was aligned to se- 
quences of other flavi viruses (Rice et al, Science 
229; 726-733 (1985); Coia et al, J. Gen. Virol. 69, 
1-21 (1988); Chambers et al, Virology 169, 100-109 
(1989)). For these analyses the Beckman MICRO- 
GENIE Software (Version 4.0) was employed on an 
IBM persona! computer. The word MICROGENIE is 
a trade mark. The analyses indicated that clone 17- 
6 contained the entire coding sequence for protein 
NS1 and parts of the coding sequences of the 
proteins E and NS2A which flank the NS1 gene 
within the flaviviral genome. 

Figure 3 depicts the RNA sequence and the 
encoded amino acid sequence derived from clone 
17-6. The amino terminus of NS1 is supposed to 
be released by a cellular signalase, the carboxy- 
terminus by a signalase-like enzyme. A larger form 
of the NS1 protein that contains also the amino- 
terminal part of the protein NS2A was observed by 
Mason et al (Virology 158, 361-372 (1987)). The 
carboxy-terminus of this form of the NS1 protein 



may be liberated by a virus-specified protease or 
the cellular signalase (Rice et al, Science 229, 726- 
733 (1985)). The amino-terminus and three possi- 
ble carboxy-termini are indicated in Figure 3. The 

s carboxy-terminus liberated by a signalase-like en- 
zyme (Chambers et al., Virology 169 100-109 
(1988)) is depicted~as~"COOH-Terminus l"; the 
carboxy-terminus possibly formed by a probably 
virus-specified protease is indicated as "COOH- 

70 Terminus 2"; and the potential carboxy terminus 
liberated by the cellular signalase is shown as 
"COOH-Terminus 3 . The position numbers used 
in Figure 3 relate to the full length genome of TBE 
virus. 

75 Figure 4 shows the amino acid sequence of 

protein NS1 as derived from the sequence informa- 
tion of clone 17-6. The possible COOH-Termini are 
indicated as in Figure 3. Position numbers are 
counted from the first amino acid of protein NS1. 

20 Figure 4 also depicts the locations of the three 
potential N-glycosylation sites present in the TBE 
virus protein NS1 . 

25 Example 10 Cloning of the NS1 coding region into 
a ~prokaryotTc expressIon~vector 

The nucleotide sequence coding for NS1 is 
subcloned from clone 17-6 into pUC19. The vector 

30 pUC19S is a derivative of pUC19S containing a 
stop linker with a TAG stop codon in all three 
reading frames cloned into the BamHI site. The 
NS1 sequence containing a small part of NS2a at 
its 3-end is excised with restriction endonuclease 

35 Cfol and blunt ends are generated with S1- 
Nuclease. The cloning vector pUC19S is linearized 
in its polylinker with Sail and termini are filled-in 
with T4 DNA Polymerase (Figure 5). Ligation of 
vector and insert regenerates the Sail sites and 

40 fuses NS1 in frame to the lacZ gene (Figures 6A 
and 6B). At the 3'terminus the NS1 nucleotide 
sequence is flanked by the prokaryotic transcrip- 
tional and translational stop signals contained in the 
vector. The plasmid is designated pNS1387. 

45 

Example 11 Cloning of the NS1 Coding Region 
including Its 5 proximal hydrophobic signal se- 
quence using the Polymerase Chain Recti on 

50 

In order to construct a induceable prokaryotic 
expression plasmid containing the NS1 coding re- 
gion including its authentic signal sequence the 
Sail fragment from pSCtSNSl444 (Example 13) is 
55 transferred to pUCl9S resulting in clone 
ptSNSl682. To place the NS1 gene into the same 
reading frame as lacZ. clone ptSNSl682 is di- 
gested with Hindlll, blunt ends are generated with ' 



11 
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S1 Nuclease and religated thus generating clone 
ptSNS1791 with a deletion of 4 nucleotides 
(Figures 7a and 7b). 



Example 12 Construction of a plasmid for recom- 
bination into Vaccinia Virus: the NS-1 protein under 
the control of the W-p11 (L) promotor) 



1854 (1988))- The NS1 sequence is exised with 
Sail and inserted into the Sail site of pTKgptF3s. 
The cloning strategy and nucleotide sequences of 
pTKtSNSl556 are shown in Figures 14 and 15. 

All plasmids are grown under ampiciilin selec- 
tion of 100 ug/ml in E.coli hosts like DK1, BH101 
or JM strains (JM105, JM83). 



The NS-1 coding region (eg. in Example 10) is 
subcloned into the Sal I site of plasmid pTkgptFIs 
(Falkner, G.F. and B. Moss, (J. Virol 62.1849-1854 
(1988)). The NS1 sequence is positioned in frame 
with the ATG translational start codon of the vector. 
Translational stop signals are also provided by the 
vector. The polylinker region of the vector adds an 
additional 7 aminoacids at the S end and 10 
aminoacids at the 3 end. The cloning strategy and 
the flanking sequences of the protein are shown in 
Figure 8a and 8b. The plasmid is designated 
pAPNS1338. 



Example 13 Construction of a plasmid for recorn- 
bination into Vaccinia Virus" the NS-1 protein with 
its naturaTsfgnal sequence under the control of the 
W-p7.5 (E/L) promotor 

A nucleotide sequence comprising the NSl 
coding region and its signal sequence is synthe- 
sized by the Polymerase Chain Reaction using 
clone 17-6 as a template. Two oligonucleotides 
with the restriction endonuciease cleavage sites 
EcoFtl and Sal! at the 5 end and Sail and Hpal at 
the 3 end are~chemically synthesized and used as 
primers in PCR (Figs 9A and 9B). The amplified 
NS1 fragment is purified from an agarose gel (Fig. 
10) cleaved with Sail and cloned into the Sail site 
of the vector pSCvTOrth after minor modifications. 
The plasmid pSC11-Orth has been deposited at the 
D.S.M., Braunschweig, West Germany, as DSM 
5734 on 15th January 1990. The cloning strategy 
and sequences of the 5 and 3 termini of the new 
construct are shown in Figures 11 and 12. An 
agarose gel of a restriction digest of the clone 
confirming the correct orientation of the insert is 
shown in Figure 13. The plasmid is designated 
pSCtSNSl444. 



Example 14 Construction of a plasmid for recom- 
bination into vaccinia virus: the NS-1 protein with 
its original signal sequence under the control of the 
W-p1 1 (L) promotor 

Plasmid pTKtSNS1556 results from subcloning 
of NS1 from clone pSCtSNSl444 into the vector 
pTKgptF3s (Falkner and Moss (J. Virol 62,1849- 



w Example 15 Generation of Vaccinia Recombinants 
for Expression to NS1 protein 

Recombinant viruses are generated according 
to standard procedures (Mackett, M. f Smith, G. and 

75 Moss, B. In: DNA Cloning: A Practical Approach, 
pp 191-121. Edited by D.M. Glover; Oxford: IRL 
Press). The plasmid DNA of pSCtSNSl4444 and of 
pTKtSNSl556 are transfected into CV-1 ceils infec- 
tedwith vaccinia virus wild type. The pSCH-Orth- 

20 derived recombinant varecNs1444 is selected for 
with BuDR on 143tk-cells. Th pTKgptFs derived 
recombinant varecNSl556 is isolated by gpt selec- 
tion on CV-1 cells. All recombinants were plaque 
purified three times. The correct organization of the 

25 recombinants is analysed by Southern blot analysis 
(Fig. 16). 

Example 16 Expression of NS1 in CV-1 cells in- 
30 fected witFvaccinia virus recombinants 

CV-1 cells are infected with the vaccinia virus 
recombinants varecNS1444 and varecNS1556. Two 
days after infection the cells are labelled with 35-S 

35 methionine for 4 hours. Proteins are separated on a 
12% SDS denaturing polyacrylamide gel and iden- 
tified by autoradiography. A protein band corre- 
sponding to an expected molecular weight of about 
48 kD can be detected. It is missing in cells with 

40 wild type virus or non-NSl recombinants like 
varec1342 (Hg. 17). 



Claims 

45 

1. A peptide or polypeptide comprising at least 
part of the amino acid sequence of the NS-1 pro- 
tein of Western subtype TBE virus. 

2. A peptide or polypeptide as claimed in claim 
so 1, which has the amino acid sequence shown in 

Figure 4. 

3. NS-1 protein of Western subtype TBE virus. 

4. A peptide or polypeptide comprising an ami- 
no acid sequence which differs from the amino 

55 acid sequence of a natural NS-1 sequence whether 
by mutations anchor transpositions which are in the 
normal range of natural variation of Western sub- 
type TBE virus. 
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5. A peptide, polypeptide or protein as claimed 
in any one of claims 1 to 4 for use in medicine. 

6. A vaccine composition comprising a peptide, 
polypeptide or protein as claimed in any one of 
claims 1 to 4 and one or more additional phar- 
maceutically acceptable components. 

7. A diagnostic reagent comprising a peptide, 
polypeptide or protein as claimed in any one of 
claims 1 to 4. 

8. Nucleic acid coding for a peptide, polypep- 
tide or protein as claimed in any one of claims 1 to 
4. 

9. A live vaccine comprising nucleic acid as 
claimed in claim 8. 

10. A probe comprising nucleic acid as claimed 
in claim 8. 

11. Nucleic acid which hybridises to nucleic 
acid as claimed in claim 8. 

12. Nucleic acid as claimed in claim 11 which 
hybridises to the DNA sequence shown in Figure 3. 

13. Nucleic acid whose sequence differs from 
DNA molecules corresponding or complementary 
to a natural NS-1 RNA sequence whether by de- 
generacy of the genetic code and/or mutations 
and/or transpositions, which are in the normal 
range of natural variation of Western subtype TBE 
virus. 

14. Nucleic acid as claimed in any one of 
clams 8 to 13 combined with additional nucleic 
acid sequences. 

15. Nucleic acid as claimed in claim 14 which 
is DNA and wherein the additional sequences allow 
replication and expression of the DNA molecule in 
a cell culture and preferably comprise sequences 
which function as a promoter, an enhancer, a 
polyadenylation signal and/or a splicing signal. 

16. A vector, such as a plasmid, virus or 
phage, including nucleic acid as claimed in any 
one of claims 8 to 15. 

17. A vector as claimed in claim 16, which is 
derived from vaccinia virus. 

18. A vector as claimed in claim 16, which is 
derived from a bacterial plasmid. 

19. A host cell containing a vector as claimed 
in claim 16, 17 or 18. 

20. A culture of host cells as claimed in claim 

19. 

21 . A culture as claimed in claim 20 which is a 
mammalian cell culture. 

Claims for the following Contracting State : ES 

1. A process for preparing a peptide or poly- 
peptide comprising at least part of the amino acid 
sequence of the NS-1 protein of Western subtype 
TBE virus, the process comprising coupling suc- 
cessive amino acids together. 

2. A process as claimed in claim 1 , wherein the 



peptide or polypeptide has the amino acid se- 
quence shown in Figure 4. 

3. A process for preparing NS-1 protein of 
Western subtype TBE virus, the process compris- 

s ing coupling successive amino acids together. 

4. A process for preparing a peptide or poly- 
peptide comprising an amino acid sequence which 
differs from the amino acid sequence of a natural 
NS-1 sequence whether by mutations and/or trans- 

10 positions which are in the normal range of natural 
variation of Western subtype TBE virus, the pro- 
cess comprising coupling successive amino acids 
together. 

5. A peptide, polypeptide or protein, producea- 
is ble by a process as claimed in any one of claims 1 

to 4, for use in medicine. 

6. A process for preparing a vaccine composi- 
tion, the process comprising admixing a peptide, 
polypeptide or protein produceable by a process 

20 as claimed in any one of claims 1 to 4 and one or 
more additional pharmaceutical^ acceptable com- 
ponents. 

7. A peptide, polypeptide or protein, producea- 
ble by a process as claimed in any one of claims 1 

25 to 4, for use in diagnosis. 

8. A process for preparing nucleic acid coding 
for a peptide, polypeptide or protein produceable 
by a process as claimed in any one of claims 1 to 
4, the nucleic acid preparation process comprising 

30 coupling successive nucleotides together and/or 
linking oligo-and/or polynucleotides. 

9. A process for preparing a live vaccine, the 
process comprising introducing nucleic acid pro- 
duceable by a process as claimed in claim 8 into a 

35 suitable carrier. 

10. A process as claimed in claim 8, which is a 
process for preparing a probe. 

11. A process for preparing nucleic acid which 
hybridises to nucleic acid produceable by a pro- 

40 cess as claimed in claim 8, the process comprising 
coupling successive nucleotides together and/or 
linking oligo-and/or polynucleotides. 

12. A process for preparing nucleic acid which 
hybridises to the DNA sequence shown in Figure 3, 

45 the process comprising coupling successive 
nucleotides together and/or linking oligo- and/or 
polynucleotides. 

1 3. A process for preparing nucleic acid whose 
sequence differs from DNA molecules correspond- 

50 ing or complementary to a natural NS- 1 RNA 
sequence whether by degeneracy of the genetic 
code and/or mutations and/or transpositions, which 
are in the normal range of natural variation of 
Western subtype TBE virus, the process compris- 

55 ing coupling successive nucleotides together 
and/or linking oligo- and/or polynucleotides. 

14. A process as claimed in any one of claims 
8 to 13, wherein the nucleic acid produced com- 
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prises additional nucleic acid sequences. 

15. A process as claimed in claim 14, wherein 
the nucleic acid is DNA and wherein the additional 
sequences allow replication and expression of the 
DNA molecule in a cell culture and preferably 5 
comprise sequences which function as a promoter, 

an enhancer, a polyadenylation signal and/or a 
splicing signal. 

16. A process as claimed in any one of claims 

8 to 15, wherein the nucleic acid is, or forms part io 
of, a vector, such as a plasmid, virus or phage. 

17. A process as claimed in claim 16, wherein 
the vector is derived from vaccinia virus. 

18. A process as claimed in claim 16, wherein 

the vector is derived from a bacterial plasmid. 75 

19. A host cell containing a vector produceable 
by a process as claimed in claim 16, 17 or 18. 

20. A culture of host cells as claimed in claim 

19. 

21 . A culture as claimed in claim 20 which is a 20 
mammalian cell culture. 

Claims for the following Contracting State : GR 

1. A process for preparing a peptide or poly- 25 
peptide comprising at least part of the amino acid 
sequence of the NS-1 protein of Western subtype 
TBE virus, the process comprising coupling suc- 
cessive amino acids together. 

2. A process as claimed in claim 1 , wherein the 30 
peptide or polypeptide has the amino acid se- 
quence shown in Figure 4. 

3. A process for preparing NS-1 protein of 
Western subtype TBE virus, the process compris- 
ing coupling successive amino acids together. 35 

4. A process for preparing a peptide or poly- 
peptide comprising an amino acid sequence which 
differs from the amino acid sequence of a natural 
NS-1 sequence whether by mutations and/or trans- 
positions which are in the normal range of natural 40 
variation of Western subtype TBE virus, the pro- 
cess comprising coupling successive amino acids 
together. 

5. A peptide, polypeptide or protein, producea- 
ble by a process as claimed in any one of claims 1 45 
to 4, for use in medicine. 

6. A process for preparing a vaccine composi- 
tion, the process comprising admixing a peptide, 
polypeptide or protein produceable by a process 

as claimed in any one of claims 1 to 4 and one or 50 
more additional pharmaceutical^ acceptable com- 
ponents. 

7. A diagnostic reagent comprising a peptide, 
polypeptide or protein, produceable by a process 

as claimed in any one of claims 1 to 4. 55 

8. Nucleic acid coding for a peptide, polypep- 
tide or protein produceable by a process as 
claimed in any one of claims 1 to 4. 
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9. A process for producing a live vaccine, the 
process comprising introducing nucleic acid as 
claimed in claim 8 into a suitable carrier. 

10. A probe comprising nucleic acid as claimed 
in claim 8. 

11. Nucleic acid which hybridises to nucleic 
acid as claimed in claim 8. 

12. Nucleic acid as claimed in claim 11 which 
hybridises to the DNA sequence shown in Figure 3. 

13. Nucleic acid whose sequence- differs from 
DNA molecules corresponding or complementary 
to a natural NS-1 RNA sequence whether by de- 
generacy of the genetic code and/or mutations 
and/or transpositions, which are in the normal 
range of natural variation of Western subtype TBE 
virus. 

14. Nucleic acid as claimed in any one of 
claims 8 to 13 combined with additional nucleic 
acid sequences. 

15. Nucleic acid as claimed in claim 14 which 
is DNA and wherein the additional sequences allow 
replication and expression of the DNA molecule in 
a cell culture and preferably comprise sequences 
which function as a promoter, an enhancer, a 
polyadenylation signal and/or a splicing signal. 

16. A vector, such as a plasmid, virus or 
phage, including nucleic acid as claimed in any 
one of claims 8 to 15. 

17. A vector as claimed in claim 16, which is 
derived from vaccinia virus. 

18. A vector as claimed in claim 16, wherein 
the vector is derived from a bacterial plasmid. 

19. A host cell containing a vector as claimed 
in claim 16, 17 or 18. 

20. A culture of host cells as claimed in claim 

19. 

21 . A culture as claimed in claim 20 which is a 
mammalian cell culture. 
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a b c a 




_10kb 

2kb 

0-6kb 



a=size marker (A-DNA, HindECL digested) 

b =BS 17-6 undigested 

c =BS 17-6 BamHI digested: 

upper band : BS SK- 

lower band : 17—6 insert 



Fig . 1. 
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IBE(RNA) 



LIMITS: 1973 5916 



2O02 2032 
ATC CCA GDC AGG GCA GUG GCA CAQ GGA UCU CCA GAD GUG AAC GOG GCC ADG CHG ADA ACG 
He Pro Val Arg Ala Val Ah His Gly Ser Pro Asp Val Asn Val Ala Met lea lie Thr 

2062 2092 
CCA AAC CCA ACA AUO GAA AAC AAO GGA GGO GGC DDC ADA GAG AUG CAG CDG CCC CCA GGG 
Pro Asn Pro Thr He Gin Asn Asn Gly Gly Gly Phe He Gin Met Gin Leu Pro Pro Gly 

2122 2152 
GAD AAC ADC AOC DAD GDD GGG GAA COG AGO CAD CAA DGG ODC CAA AAA GGG AGC AGC ADC 
Asp Asn He He Tyr Val Gly Glu Len Ser His Gin Trp Phe Gin Lys Gly Ser Ser He 

2182 2212 
GGA AGG GDD DDC CAA AAG ACC AAG AAA GGC ADA GAA AGA CDG ACA GDG ADA GGA GAG CAC 
Gly Arg Val Phe Gin Lys Thr Lys Lys Gly He Gin Arg Lea Thr Val He Gly Gin His 

2242 2272 
GCC DGG SAC DDC GGO DCO GCD GGA GGC ODD COG AGU OCA ADD GGG AAG GCG GDA CAD ACG 
Ala Trp Asp Phe Gly Ser Ala Gly Gly Pbe Len Ser Ser He Gly Lys Ala Val His Thr 

2302 2332 
GDC COD GGO GGC GCD ODC AAC AGC AOC DOC GGG GGA GDG GGG ODD CDA CCA AAA CDO OOA 
Val Leu Gly Gly Ala Phe Asn Ser He Phe Gly Gly Val Gly Phe Leu Pro Lys Lea Len 

2362 2392 
DDA GGA GOG GCA ODG GCD UGG DOG GGC COG AAC ADG AGA AAC CCD ACA ADG DCC ADG AGC 
Leo Gly Val Ala Len Ala Trp Leu Gly Leo Asn Met Arg Asn Pro Thr Met Ser Met Ser 

KR2-Teninas 

2422 2452 

GAD GDD GGO 
Asp Val Gly 



ODD CDC DOG GCO GGA GGO CDG GDC DOG GCC ADG ACC COD GGA GOG GGG GCG 
Phe Lea Len Ala Gly Gly Len Val Leu Ala Met Thr Leo Gly Val Gly Ala 



2482 2512 
OGC GCO GDG GAC ACG GAA CGA AOG GAG CDC CGC OGU GGC GAG GGC COG GUC GUG OGG.AGA 
Cys Ala Val Asp Thr Gin Arg Met Gin Len Arg Cys Gly Glu Gly Leu Val Val Trp Arg 

2542 2572 
.GAG GDC OCA GAA DGG DAD GAC AAO DAD GCC DAC OAC CCG GAG ACA CCG GGG GCC CDU GCA 
Gin Val Ser Gin Trp Tyr Asp Asn Tyr Ala Tyr Tyr Pro Gin Thr Pro Gly Ala Len Ala 

2602 2632 
DCA GCC ADA AAG GAG ACA ODD GAG GAG GGA AGC OGD GGD GUA GDC CCC CAG AAC AGG CDC 
Ser Ala He Lys Gin Thr Phe Gin Gin Gly Ser Cys Gly Val Val Pro Gin Asn Arg Len 



Fig.3(i). 
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2662 2692 
GAG AUG GCC AUG OGG AGA AGC KG GDC ACA GAG CUG AAD OUG GCD COG GCG GAA GGG GAG 
Gin Net Ala Net Trp Arg Ser Ser Val Thr Gin Leo Asn Leo Ala Leo Ala Glo Gly Glo 

2722 2752 
GCA AAD CDC ACA GDG GDG GUG GAC AAG DUO GAC CCC ACD SAC (IAC CGA 660 GGD GOC CCO 
Ala Asn Leu Thr Val Val Val Asp Lys Pbe Asp Pro Thr Asp Tyr Arg Gly Gly Val Pro 

2782 2812 
GGU MA CUG AAA AAA GGA AAG GAC AHA AAA GDC OCC OGG AAA AGC DGG GGC CAD DCA AUG 
Gly Leo Leo Lys Lys Gly Lys Asp He Lys Val Ser Trp Lys Ser Trp Gly Bis Ser Het 

2842 2872 
ADC DGG AGC ADD CCD GAG GCC CCC CGD CGC UOC AUG GDG GGC ACG GAA GGA CAA AGO GAG 
He Trp Ser He Pro Glo Ala Pro Arg Arg Pbe Het Val Gly Tbr Gin Gly Gin Ser Glo 

2902 2932 
USD CCC CBA (AG AGA CSG AAG ACA GGD GDD UUC ACG GDG GCA GAA DDC GGG GDU GGC COG 
Cys Pro Lea Glo Arg Arg Lys Tbr Gly Val Pbe Thr Val Ala Glo Pbe Gly Val Gly Leo 

2962 2992 
AGA ACA AAG GUC UUC DUG GAD DDC AGA CAG GAA CCA ACA CAD GAG DGU GAC ACA GGA GDG 
Arg Tbr Lys Val Pbe Len Asp Pbe Arg Gin Glo Pro Thr His Gin Cys Asp Thr Gly Val 

5022 3052 
AUG GGA GCD GCA GDC AAG AAC GGC AUG GCA ADC CAC ACA GAD CAA AGD CDC DGG ADG AGA 
Het Gly Ala Ala Val Lys Asn Gly Met Ala He His Thr Asp Gin Ser Lea Irp Het Arg 

3082 3112 
OCA ADG AAA AAU GAC ACA GGC ACD DAC ADA GDU GAA CUU DUG GDC ACD GAC CUG AGG AAC 
Ser Het Lys Asn Asp Tbr Gly Tbr Tyr He Val Glo Leo Leo Val Tbr Asp Len Arg Asn 

31<2 3172 
OGC DCA DGG CCD GCU AGC CAC ACD ADC GAD AAD GCD GAC GUG GUG GAC DCA GAG DUA UUC 
Cys Ser Trp Pro Ala Ser His Thr lie Asp Asn Ala Asp Val Val Asp Ser Gin Len Pbe 

3202 3232 
CUU CCG GCG AGC COG GCA GGA CCC AGA OCC -OGG DAC AAC AGG ADA CCO GGC OAO OCA GAA 
len Pro Ala Ser Len Ala Gly Pro Arg Ser Trp Iyr Asn Arg He Pro Gly Tyr Ser Glo 

3262 3292 
CAG GDG AAA GGG CCA OGG AAG DAC ACG CCD ADC CGD GDU ADC AGA GAG GAG OGO CCC GGC 
Gin Val Lys Gly Pro Trp Lys Tyr Thr Pro He Arg Val He Arg Gin Gla Cys Pro Gly 



Fig3(ii). 
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3322 3352 
ACG ACC GDD ACC ADC AAC GCC AAG USD GAC AAA AGA GGA GCA OCU GUG AGG AGO ACC ACA 
Ihr Thr Val Ihr He Asn Ala lys Cys Asp Lys Arg Gly Ala Ser Val Arg Ser Thr Tbr 

3382 5412 
GAG AGU GGC AAG GOD ADC CCA GAA DGG DGC UGC CGA GCG DGC ACA AUG CCA CCA GDG ACG 
Gin Ser Gly Lys Val He Pro GU Irp Cys Cys Arg Ala Cys Ihr Met Pro Pro Val Ihr 



DDC CGG ACD GGA ACD GAD UGC DGG DAD GCC AUG GAA 
Pbe Arg Ihr Gly Thr Asp Cys Trp Iyr Ala Met GU 
COOH-Teriinas 1 

^3502 

GGG CDU GDD CGC DCA AUG GDG GDD GCG| GAC AAC GGO 
Gly Leu Val Arg Ser Met Val Val Ala 



3442 3472 
ADA CGG CCA GDC CAD GAC CAG GGG 
He Arg Pro Val His Asp Gin Gly 



3562 

CCC GGA ADA 6DG GCA DOG HDD GDG GDC CDO GAA DAC 
Pro Gly He Val Ala Leo Pbe Val Val Lea Gli Iyr 



3552 

GAA DBA CUD AGD GAG GGA GGA GDC 
Asp Asn Gly Gin Lea Lea Ser Gla Gly Gly Val 
COOH-Teriinns 2 

3592 

ADC ADC CGD AGG AGG|CCC DCC ACG 
He He Arg Arg Arg (Pro Ser Tbr 



3622 3*52 

GGA ACG ACG GDD GDG DGG GGG GGD ADC GDC GDD CDC GCD CDS CUD GDC ACC GGG ADG GDC 

Gly Tbr Thr Val Val Irp Gly Gly He Val Val Left Ala Leo Lea Val Ihr Gly Met Val 

COOH-Teriinns 3 

5682 ^ 3712 

AGG ADA GAG AGC COG GDG CGC DAD GUG GUG GCaIgDG GGG ADC ACA DOC CAC CUU GAG CUG 

Arg He Glo Ser Lea Val Arg Tyr Val Val AlajVal Gly lie Ihr Phe His lea Gin Lea 

5742 5772 
GGG CCA GAG ADC GDG GCC DUG ADG CDA CDC CAG GCD GDG DUD GAG COG AGG GDG GGD DDG 
Gly Pro Glo He Val Ala Lea Met Leu Len Glo Ala Val Phe Glo Leo Arg Val Gly Leo 

3802 3832 
CUC AGC GCA UUD GCA DUG CGC AGA AGC CDC ACC GUC CGA GAG AUG GDG ACC ACC DAC DUD 
Len Ser Ala Pbe Ala Lea Arg Arg Ser Len Thr Val Arg Gin Met Val Ihr Ihr Tyr Phe 

3862 3892 
CUD DUG CUG GDC CUG GAA DUG GGG CUG CCG GGD GCG AGC CUU GAG GAG DDC DGG AAA DGG 
Len Leg Len Val Len Gin Lea Gly Lea Pro Gly Ala Ser Lea Gla Gla Phe Irp Lys Irp 



GGD GAU GCA CUG GCC ADG GGG GCG 
Gly Asp Ala Leo Ala Met Gly Ala 

Fig.3(iii). 
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TBE-HS1 



20 



Asp Val Sly Cys Ala Val Asp Thr Gin Arg Met Gin Leo Arg Cys Gly Gin Gly Len Val 

30 40 

Val Trp Arg Glo Val Ser Gin Trp Tyr Asp Asn Tyr Ala Tyr Tyr Pro Gin Thr Pro Gly 

50 60 

Ala Len Ala Ser Ala lie Lys Gin Thr Phe Gin Gla Gly Ser Cys Gly Val Val Pro Gin 

70 80 

Asn Arg Len Gin Net Ala Met Trp Arg Ser Ser Val thr Gin Len Asn Len Ala Len Ala 

90 100 

Sin Sly Glo Ala Asn Len Thr Val Val Val Asp Lys Phe Asp Pro Thr Asp Tyr Arg Gly 

110 120 

Gly Val Pro Gly Len Lea Lys Lys Gly Lys Asp lie Lys Val Ser Trp Lys Ser Trp Gly 

130 140 

His Ser Het He Trp Ser He Pro Glo Ala Pro Arg Arg Phe Met Val Gly Thr Gin Gly 

150 160 

Gin Ser Gin Cys Pro Len Glo Arg Arg Lys Thr Gly Val Phe Thr Val Ala Gin Phe Gly 

170 «0 

Val Gly len Arg Thr Lys Val Phe Leo Asp Phe Arg Gin Gin Pro Thr His Gin Cys. Asp 

190 200 

Thr Gly Val Met Gly Ala Ala Val Lys Asn Gly Met Ala He His Thr Asp Gin Ser Len 

210 220 

Trp Met Arg Ser Met Lys Asn Asp Thr Gly Thr Tyr He Val Gin Len len Val Thr Asp 
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230 240 

Lea Arg Asn Cvs Ser Trp Pro Ala Ser His Thr He Asp Asn Ala Asp Val Val Asp Ser 

250 260 
Sin Len Pbe Lea Pro Ala Ser Len Ala Gly Pro Arg Ser Trp Tyr Asn Arg He Pro Gly 

270 280 
Tyr Ser Glo Gin Val lys Gly Pro Trp Lys Tyr Tbr Pro He Arg Val He Arg Gh Gli 

290 300 
Cys Pro Gly Ibr Ihr Val Ihr lie Asn Ala Lys Cys Asp Lys Arg Gly Ala Ser Val Arg 

310 320 
Ser Ihr Ihr Gin Ser Gly Lys Val He Pro Gin Trp Cys Cys Arg Ala Cys Ibr Met Pro 

330 . 340 
Pro Val Ihr Pbe Arg Ihr Gly Thr Asp Cys Trp Tyr Ala Met Gin He Arg Pro Val His 

COOH-Terilons 1 

350 360 
Asp Gin Gly Ely Len Val Arg Ser Met Val Val Aid Asp Asn Gly Gin Len Len Ser Gin 

COOH-Teriinns 2 
370 380 
Gly Gly Val Pro Gly He Val Ala Len Pbe Val Val Len Gin Tyr He He Arg Arg Argl 

390 400 
Pro Ser Thr Gly Thr Thr Val Val Trp My Gly lie Val Val Len Ala Len len Val Ihr 

COOH-Teriinns 3 

410 «, 
Gly Met Val Arg He Gin Ser Len Val Arg Tyr Val Val Alaj 



FigMUl 
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